Most values in this report are given in i nch-pound un its .
For those reader s who may prefer to use metr ic un its rathe r than i nch-pound units , the conversion facto rs for the terms used i n this repor t a re listed below . A geodetic datum derived from a general adjustment of the fi r st -order level nets of both the United States and Canada, formerly c::t.lled "Mean Sea Level."
Inch pound Met r ic

INTRODUCTION
The proposed acceler ated mining of fossil fuels such as coal and oil shale prompted a national concern about the effects of the mining on the quality of the environment.
One area of such conoern has been the effects of mining and related activities on water quality.
In antiCipation of oil -shale development and the desirability of defining baseline water conditions prior to mining , the U. S . Geological Survey made an evaluation of the hydrologic regime of the southeastern Uinta Basin, Utah and Colorado ( fig. 1) .
The evaluation i ncluded the collection and interpretation of data pertaining to climate ; vegetation; channel migration; ground -water availability and quality; and the quantity, chemical quality, and sediment and biological characteristics of streamflow . The purpose of this report is to present the results of the biological part o f the evaluation and to provide background information on the predevelopment biological conditions 1n the southeastern Uinta Basin with respect to bacte ria , benthic i nve rtebrates, and per iphy ton .
Data evaluated in this report were collected from July 1976 to July 1978.
Two previous reports presented biological information about parts of the study area. Bauman, Gaufin, and Winget (1975) reported on concentrations of benthic macroinvertebra tes in the White River. VTN Colorado , Inc. ( 1977) , reported on per iphyton, phyto plankton, and benthic macro in vertebra tes on the White River and Evacuation Creek in conjunction with studies of prototype oilshale leases Ua and Ub near Bonanza, Utah . T.
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--~~~~~~--,L~r--+~~~~~ Industries include cattle ranching, sheep grazing, g11soni te mining (centered around Bonanza , Utah), and oil and gas exploration.
Host of t!1e eastern two -thirds of the area is managed by the Federal Government, and most of the western one-third is owned by the Uintah and Ouray Tribdl Enterprises , Inc.
Small tracts of State and private land are scattered th r oughout the area .
The major topographic feature in the study area is the north-sloping Roan Plateau , which is highly dissected by steep-walled alluvial valleys (Cashion, 1967) . 11Dst of the valleys broaden to the no~th; and relief between valley bottoms and the plateau increases to the south , with valley walls becoming nearly vertical.
According to Cashion (1967) , who described the geology of the area in detail , exposed bedrock in the study area is of fluvial and lacustrine origin and of Eocene and Oligocene age .
The oldest rocks exposed a re massi ve variegated shale and sandstone of the Wasatch Formation of Eocene age . The Wasatch Formation, which is divided i nto the main body and the Renegade Tongue, interfingers with and is o verlain by the Green River Formation, also of Eocene age .
The Green River Formation has been divided in ascending order into the Douglas Creek , Garden Gulch, and Parachute Creek Members.
The Douglas Creek t-1ember is composed mainly of sandstone , s ilts tone, and limestone whereas the othe r members are composed of thin -bedded marls tone , si ltstone , and oil shale . Most of the oil shale is in the Parachute Creek Membe r . The Green River Formation is overlain by the Uinta Formation of Eocene age and the Duchesne River Formation of Eocene and Oligocene age .
The study area has an arid climate . Temperatures vary with altit ude, ranging from over lOOoF in the summer to below _20 0 F in the winter. Precipitation generally occurs as snowfall from November to March and in thunderstorms from April to October.
Total precipitation ranges from less than 8 inches at altitudes below 4 , :;00 feet (National Geodetic Ve rtical Datum of 1929) near Ouray , Utah, to more than 20 inches at altitudes near 9,500 feet at the top of the Roan Plateau. Scat.ter ed thu nderstorm activity accounts for most of the precipitation at lower altitudes in the area. Thunderstorms are of short duration , yet they can be of such intensity as to cause fl ash floods which can cause considerable erosion at lower altitudes because o f local topography, soil type , and vegetation.
Vegetation Graham (1937) divided the study a r ea into three zones based on predom1n:lnt vegeta tive types .
At altitudes between 4,500 and 6,000 feet, sagebrush (Artemesia sp.) and rabbitb rush (Chrysothamnus sp.) occupy the plateaus, greasewood (Saraobatus venniauZatus) dominates the valleys , and cottonwood (Populus sp . ) and willow (Salix sp.) predominate along perennial stream .
At altitudes between 6,000 and 7,500 feet, sagebrush, juniper The vegetation of the area has been mapped in more detail by Butler and England (1979) . 
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Evacuation Creek above Missou ri Creek , nea r Dragon, Utah; station 09306410 ( fig . 3 ) . --The station is on Evacuation Creek , 0 . 5 mile upstream from Missouri Creek.
The stream is perennial and has an average width of about 2 feet and a depth of about 0.3 foot. The str eambed meande r s acr oss a 100-foot wide valley . The drainage area is 100 mi 2 . The aver age discha rge , based on recor d for the 1975-79 water year s , is 1. 04 ft 3 /s , with a maximum discha r ge of 835 ft 3 /s (August 13 , 1978) and a minimum dischar ge o f 0 . 04 ft 3/s (Feb r ua r y 23, 1979) .
The str eambed consists of f i ne sand wi th s ome gr a ve l a nd small cobbles.
Svacua tion Cr eek ot I·/atson, Uta h; sta tion 09 306420 ( fi g . 4) . --The station is on Evacuai;.ion Creek at Wa t son a bout 1.5 miles upstream from a tributary to Evacua t ion Creek. The s tream i s e phe me ra l , and whe n f l owing it has an average wid t h o f abou t 2 f eet a nd a dep th of 0 . 5 f oot. The dr ainage area is 259 mi 2 . The aver age dischar ge , based on recor d f or the 1975-76 water years , is 1 . 36 ft 3 /s , with a maximum discha r ge o f 650 ft 3/s (May 9 , 1976 ) . The stream is pe renn ia l in most yea r s and has an averag~ width of about 2 feet and a de pt h o f 0 . 5 f oot. The dr ainage a r ea is 284 mi.
The a ver age discha r ge , based on recor d fo r the 1975-79 water year s , is 1.11 ft 3 /s , with a maximum dischar ge of 1 , 980 ft 3/s (Se ptember 26 , 1979 ) and no now for a few days during dry yea rs . Fl ows gene ra l ly disappear withi n 0.2-0.5 mile downstream from the station and only rea ch the ~-Ih i t e River du r i ng runoff from snowmelt and thunder s t orms .
The streambe d consis t s o f fine to coarse sand. \-Ihite Ri ver near Wa tson , Utah ; sta tion 09306500 ( fig . 6 ) . --The sta tion is on the t-lhite River , 350 feet downstream from the br idge on State Highway 45 , 1 mile downstream from Evacua tion Creek , and 7 miles north of t1a tson. The stream is perennial and has an average width ~f about 105 feet and a depth of about 3 . 5 feet . The drainage area is 4 , 020 mi . The average discharge based on record f~r the 1924 -79 water years, is 695 ft 3 /s , with a maxi u:n di;char ge of 8,160 ft Is (July 15, 1929 ) and a minimum discharge of 11 ft~/S (December 6 , 1972) . The streambed consists of marlstone , ranging in size from fine sand to platy cobbles .
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BEST DocurnENT AVAILABLE White River below Asphalt Wash , near Watson , Utah; station 09306700 ( fig . 7 ). --The station is on the White River, 1.3 miles downst r eam from Asphalt \;ash and 7.8 miles northwest of Watson . The str eam is perennial and has an average width of ~bout 100 feet and a depth of about 3.5 feet.
The drainage area is 4 , 130 mi . T~e average discharge , based on record f or ~he 1975-79 water years , is 630 ft Is , with a maximum discharge of ~, 5~0 ft Is (June 9, 1975 ) and a minimum discharge of 17 ft3 /s (July 3, 1977) . The streambed generally consists of fine sand with sha le c r opping out at some of the r iffles .
Bitter Cr eek near Bonanza , Utah ; station 09 ] 06800 ( fig. 8 ) .--The station is on Bitter Creek , about 150 feet upstr eam from a road bridge , 3 miles downstream from S'",eetwater Canyon Creek , 17 miles upstream from the mouth , and 18 roles sout!l-southwest of Bonanza . Flow passing this station seldom reache s the lower station site (09306850 ), Bitter Creek at mouth .
The stream is "pherneral and when flowing has an average width of about 2 feet and a depth of about 0.5 foot.
The drainage area is 32~ mi 2 . The average discharge, based on record fOS the 1971 -79 water years , is 1. 20 ft 3 /s , with a maximum discharge of 1, 660 ft Is (July 17, 197~) .
Periods of no flow a r e common during the sUllll:ler and autumn.
The streambed c onsists mainly of fi ne sand a nd silt with some cobbles , especially at riffles .
Bitter Creek at mouth, near Bonanza , Utah; station 09306850 ( fig. 9 ) . --The station is on Bitter Creek , 0.6 mile upstream from the mouth and 13 miles southwest of Bonanza .
The stream is perennial and has an aver age width ~f about 2 feet and a depth of about 0 . 3 foot.
The drainage area is 398 mi . The average discharge, based on record for the 1975-79 water years , is 0.80 rt 3 / s , with a ma. ximum discharge of 117 ft3/ s (August 18 , 1977) a.~d a minimum of 0.1 f"/s (July 2 , 1975) . The streambed consists of fine sand and silt .
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BEST DOCUMENT AVAILABLE White River at mo uth, near Ouray , Utah; station 09306900 ( fig . 10 ) .--The station is on the White River , 2 .8 oiles southeast of Ouray and 3.9 miles upstrea m fro:n the mouth.
The stream is perennial and has an average width ~f about 105 feet and a depth of about 3 . 5 feet . The drainage area is 5 , 120 mi . Th'3 average discha rge, based on record fOf the 1974-79 water years, is 644 ft Is, with a a:axiollm discharge of 4 , 260 ft Is (t1arch 29 , 1976) , and a minimum discha r ge of 1. 6 ftJ/s (July 1~, 1977) . The streambed consists mainly of fine sand, which is subject to scouring during spring runorf, exposing a hard clay .
Willow Creek above dive rsions , near Ouray , Utah; station number 09307500 ( fig . l1 ).--The station is on \o/i11ow Creek, 0.1 mile downstream from Big Canyon and 36 miles southeast of Ouray. The stream is per ennial and subject to frequent flash floods during summe r thunderstorms .
The stream has an averag~ width of about 12 feet and a depth of 1 foot . The drainage area is 297 mi . The average discha rge, fased on record for the 1951 -55 , 1958-70, ~nd 1975-79 water years, is 20 . 1 ft Is, with a maximum discharge of 2 , 240 ft Is 
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BEST DOCUME n AVAILABLE Hill Creek above Towave Reservoir , near Ouray , Utah ; stat ion 09307800 ( fig . 12 ). --The station is on Hill Creek , 0.5 mile upstream from Lower Wagon canyon , 3 . 5 miles south of Towave Reservoir, and 39 miles south of Ouray. The stream is perennial and has an aver age width of about 8 feet and a depth of about 1 foot. T"e dra inage area is 89.7 mi 2 . The aver age discharl;e , based on record for the 1975-79 water years , is 8.54 ft 3 /s , with a maxi"':l'm dischar ge of 106 ft3 /s (May 28 , 1979 ) and a minimum discharge of 0.07 ft Is (August 10 , 1977) . The streambed consists mainly of g ravel with some sand.
Hill Creek near mouth, near Ouray , Utah; station 09307900 ( fig. 13 ). --The station is on Hill Creek, 5.9 miles upstream from the mouth and 15 mi les south of Ouray.
The stream is ephemeral and has an average width of tbout 5 feet and a depth of less than 1 foot . The drainage area is 288 mi. The stream is ephemeral. It is dry most of the year, flowing periodically during thunderstorms and periods of snowmelt. It has an average Wi~th of about 20 feet with a depth of about 1 foot. The drainage area is 951 mj. This is a partial-record site. Flows generally a r e eq uivalent to those measured at station 09308000, and the channel is similar to that shown in figure 14.
DATA COLLECTION
The methods used for the collection and analysiS of biological data are described by Greeson and others (1977) . The membrane filtration technique was used for the analysis of total COliform, fecal COliform , and fecal streptococci bacteria. Water samples were fil tered in the field immedia tely after collection.
Filters were then placed on agar media specifically designed to promote the growth of each type of bacteria.
The colonies of bacteria were counted after a speCific incubation period to determine the number of colonies per 100 mL (milliliter) . At each site, samples were filtered from three volumes of water.
If two or more filters of a series produced colony counts within the recommended counting range (Greeson and others, 1977, p. 29 -55 and p. 53-62) , averaging was used to report results. The <!e terminatl "O of the origin of fecal contamination by usir~ colony concentrat lons can be cumbersome and misleading, but the FC/FS ratlo can be useful 1n in ferrin g the possible origin of the contamination . If human wastes
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BEST DOCUMENT VAILABLE are involved, the primar y inference to be drawn from the bulk of the FC / FS ratios , which are l ess than 1.0, is that the source of the fec3l coliform bacteria and streptococci are non-human i n origin.
Figur e 12. -Hill Creek above Tow-ave Reservoir, nea r
Ou r ay, Utah (09307800). Benthic invertebrate. we re collected by taking .ample. on the right .ide middle and left .ide of the .treams . The .ample. were compo.ited for ana l;.i. .
SamPle. generally we re taken fro~ riffle. where possible . All .amples were taken with a Surber sampler (1 ft ) u.ing the U.S. Standard Sieve No 70 mesh (210-micrometer mesh opening) , except at the tillite River at mouth (09306900) where the streambed consists of shifting sand and silt . Samples were taken at this site from 10 rocks which were removed from the streambed and held above a net to catch the organisms di.lodged from each rock.
In order to summarize the benthic-invertebrate data , the Shannon -Weiner diversity index (Krebs, 1972, p. 506) was calculated for each sample take~. This diversity index is used as an indicator of the health of a stream s benthic -invertebrate community . Diversitie. le.s than 1 indicate a physically stressed or polluted environment, whereas diversities approaching or exceeding 3 generally indicate a well -balanced , non polluted environment.
The index i. most useful 1n evalulating environments 1n which there has been a large i nflux of organic material.
The diversity index , 0 . 1., is calculated as: 9 where 0.1.
information content of the samp le or diversity , number of species, and proportion of total sample belonging to the i th species.
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BEST DO ur~ ENT AV Il LE In this diversi ty index, a community made up of one s pecies would have a diversity of zero , whereas a community having more than one s pecies would have a diversity g reate r than zero. The more even ly the i ndividua l s in a communitJ are divided among the speCies present, the higher the diversity index. For purposes of computing the diversity index in this study, the term species is used to mean the lowest taxonomic l evel to which the organisms were identified.
Greater dive r si ties would be found if all organisms had been identified to the species level.
Diversity de pends on both the number of speCies i n a commu nit y and on the evenness with which they are represented. The evenness , V, is calculated as :
whe r e O. I. and s are same as defined above.
Evenness values are between one and zero. A community in which the majo rity of the individ uals belong to only one or two species will have a low evenne ss value whi le a community in which al l species a re equally represented will have an evenness va lue close to one .
Per iphyton samples were coll ected a t first by using floa ting-type artificial sampling devices, with mylar strips used as colonization subs trate . Results were poor because of flooding and silting of channels. The sampling procedure was then changed t o the collection o f periphyton by scraping a natural subst rate of measured area.
Using a Sedgwick-Rafter counting cell, the total number o f per iphyton ce ll s was counted in 20 random fields and recorded as the number of cells per square millimete r (mm2 ) of s urface sc raped . The calculations for periphyton data are as follows:
(1) Calibration factor 1 , 000 mm 2 Area of Whipple disk at 100 magnification (mm 2 ) (2) Periphyton cells/mL o f suspended scraping
Total cell count x calibration f ac tor
Numbe r of random fields x 1 mL (3) Total periphyton cells/mm 2 of surface Cells/mL of suspended sc r aping x total volume of sc ra ping ~mL) Area of sc r aped surface (mm )
In addition to the biological sampli ng , the following field measurements were made periodically at each site: dissolved oxygen, pH, specific conductance , water discharge , and air and water temperature.
Samples of bed material were also obtained in order to help explain variances in biological characteristics. The results of these measurements are reported by Con roy and Fields (1977) , and Conroy ( 1979 Conroy ( , 1980 .
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Biological samples were (See fig. I (table s 2  and 3 ) . The data available reflect a well -balanced community with many different organisms present , yet with no group dominating.
The water a t the sites is of modera te specific conductance and well oxygenated with a pH in the optimum range for aquatiC or ganisms; thus, it is not surprising to find such relati vely high diversities.
Periphyton samples were collected at the White River nea r Co lorado-Utah State line, Utah, and at the White River at mouth, near Ouray, Utah. Green algae (order Chlorophyta) were the dominant algae present (table 4) . Perlphyton concentrations at the State -line site generally were smal ler than a t the mou th site.
Evacuation Creek
Biological samples were collected at three sites on Evacuation Creek ( fig . 1) .
Bacterial concentrations are compiled in table I and shown graphically in figures 19-21. Bacterial concentrations generally were lowest in winter and highest in early spring and summer, with the exception of the samples obtained i n February 1978, which were anomalously high . These data suggest that some fecal contamination is present periodically. Fecal str eptococci counts were the highest of the th ree bacterial g roups sampled, with the highest concentrations occurring during the winter when the country near Evacuation Creek is used for livestock grazing .
The ratio o f fecal coliform to f ecal streptococci bacteria (FC/FS) can be used as an indicator of the source of fecal pollution.
FC/FS ratios greater than 4.0 a re indicative of human waste whereas ra tios less than 1.0 are i nd ica tive of feces from farm animals, dogs, cats , and r odents (Geldriech and Kenner, 1969 , p. R349) . The data from Evacuation Cr eek show FC/FS ratios of less than 1.0 , which indicates that the cont r ibution is of livestock origin rather than human origin.
Benthic invertebrates were sampled only at Evacuation Cr eek above Missouri Cr eek , nea r Dragon, Utah (table 2) .
The di versity of the benthic community is mode r ately l ow (table 3) because of the large Diptera population. The latter may be due to the siz e of the s treambed material, which ranges from very fine sand to very coarse gravel, beca use dipterans show the highest colonization rate for this type o f bed material.
Another r eason for the low diversity could be the shifting c hannel and the high summer water temperatures, which can exceed 3S o C.
Periphyton samples we r e collected a t Evacuation Creek above Missouri Creek, near Dragon , Utah, where green algae (order Chlorophyta) were the dominant algae pre3ent . The results of the periphyton sampling are recorded in table 4 .
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Bitter Creek
Biological samples were collected at two sites on Bitter Creek ( fig. 1 ) . Bacterial con centrations a re shown in table 1 and figures 22 and 23 . Total coliform and fecal coliform bacteria concentrations were relatively low, whereas fecal s treptococci concentrations were as high as 120 colonies/10C mL . This a r ea is used f or livestock grazing in the winter, and deer are known to concentra te the re also in winter.
Benth ic invertebrates were sampled only at Bitter Creek at mouth, near Ou r ay , Utah (table 2) .
The dominant species present in all samples was
Al'gUz e= , a damsel fly. Few organiSms were found on all sampling dates, and diversity generally was low (table 3) .
If organisms only inhabit a few habitats and fill a small numbe r of trophic levels, water may be judged to be of poor biological quality (Patrick, 1949) . Specific conductance of the water at this station r a nges from about 2,000 to 19,000 micromhos/cm at 25 0 C, dissolved solids average about 15 , 000 mg/L, and water temperatures rea ch 32 0 C in late summer.
On ly a few species are capable of surviving under these environmental cond1tions.
Pe riphyton samples also were collected at the lower Bitter Creek station , where blue -green algae (order Cyanophyta) were the dominant a l gae present .
Algal mats were observed to occur throughout the year. The results of the sampling are shown in table 4 .
Hill Creek
Biological samples were collected at two sites on Hill Cr eek ( fig. 1 ). The streambed is dry at the l ower Hi ll Creek station , except for short periods in the winter and spring; thus, only two bacterial samples were collected. These samples and those collected a t the upper site showed low bacterial concentrations . The FC/FS ratios were all low, indicating that fecal wastes present are of othe r than hUman origin. This seems reasonable because horses and cattle are known to range in bot t om lands throughout the Hill Creek dra i nage .
Benth i c i nvertebrates were sampled at the upper Hill Creek station ( table 2) .
The diversity generally was low, reflecting the dom i nation of tr ichop t e r a ns (ca dd is f li e s ) in three of the samples.
Pe r i phyton samples also were collected at the upper Hill Creek station , whe r e green algae (order Chlorophyta) were the dominant algae pre s ent. The results of the sampl i ng are s hown i n table 4.
Willow Creek
Bio log ical samp l es were collec ted at th r ee stations on Willow Creek ( fig . 1) .
All samples collec ted s howe d low bacterial concentrations with li ttle fecal contamina t ion present (ta ble 1 and figs. 24 -26).
The f e w colonies presen t probably r esulted from overland runoff washing the feces from livestock into the c r eek . The FC/FS r a tios tend to validate the belie f that cattle are the sour ce of feca l conta mi nation. Ben thic i nve rte brate s we r e s ampled at the midd l e an d upper sta tions on Willow Cr eek (tabl e 2 ). In a ll s ample s, may f li e s (order Ephemer optera) we r e found to be the domina nt fo rm. The divers ity wa s mode r a te l y low (table 3) . The reach of Wi ll ow Cr eek at t he mi ddle s tation is s usceptibl e to flash floods which scour the str eambed , r emo ve most or gan i s ms t and t hen de pos it s ilt du r i ng r ecessions that i nhibi t s r e popu l ati on .
BEST
The biologi cal community is thus unstable at this station .
Periphyton sampl es wer e collec t e d at the upper s t a tion on W illow Cr eek. Pennate diatoms we r e the domi na t e a l gae present. The r esults of the s ampli ng are shown in table 4 .
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CONCLUSIONS
Bacterial concentrations, perlphyton, and benth i c -invertebrate populati ons in streams in the southeastern Uinta Basin were sampled during a 2-year period to establis h baseline conditions prior to oil-shale development. The concentra tions of total coliform bacteria were moderate to low, mostly having been introduced from non fecal sources. The highest numbe r s occurred during periods of high water (spring snowmelt and summer thunderstorms), s uggesting that the introduction of non fecal coliform bacteria (predominantly soil bacteria) may result from e r osional processes caused by overland flooding and runoff.
Concentrations of fecal coliform bacteria also increased during highwater periods.
Animal feces from livestock and wildlife are washed into the streams by the same processes that introduce soi l bacteria to the streams , and large numbers of animal feces were observed in the water and on debris jams during high-wa t er periods.
Concentrations of fecal streptococci also inc reased at the same time but generally at higher rates than did the concentrations of fecal coli form bacteria. Only three FCIFS values were 4.0 or greater (table 1) , and these anomalies are attributed to very low non-ideal bacter i a counts .
The periphyton sampling re s ulted i n poor data mainly because of difficult i es i n sampling procedures.
Even i f t hese difficulties were overcome, however, it would take a comprehensive and lengthy study to collect stat i sti cally accurate data . Periphyton productivity and the standing crop in an area, such as the Uinta BaSin, are variable because of seasonal changes in env i ronmental condit i ons. Periphyton may be removed by high water, low water, and high concentrations of suspended sediment du ring different seasons of the year. ThUS , concentrations of periphyton may go through rapid changes within a shor t time.
A comprehen s ive study would include increased sampling f requency and identification of periphyton to the species level where f easible . Th i s i s e ssential i f periphyton are to be used to monitor pre-and post-de velopment wa t er-quality conditions. Changes in species diversity thus could be used as an i ndicator of impacts associated with oil-shale development .
Change s i n di vers ity would have to be moc.itored over a long period so tha t na tural change s could be differentiated from cultural changes, such as might r esult from oil-s hale development.
Benthic -i nve r teb rate sampling wa s successful in determining species present and their r ela ti ve di ve r s ity and density.
Due to physical factors outside of thei r cont rol , population s vary from season to season , even from flood to flood.
The benth ic inve rtebra t e s have the capability of repopulation , often from upstrea m dr i ft as well as flying adult stages . Of the three groups of organ iSms sample d, howe ver, the benthi c invertebrates are the most stable, easiest to identi fy, and are readily available for collection during all seasons. The di ve r s i ty indice s are parameters that can be used to deter mine the effects of i ndus tria l a cti vity, thus in a monitoring program of the biological aspects o f str e amflow, major emphasis should be placed on benthic invertebrates.
If fu tu r e mon i t oring programs are established, increased statistical accu r acy would be obta ined by a greater sampling frequency than tha t used in this s t udy.
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